ABSTRACT
INTRODUCTION
The classic problem in microarray analysis is to detect differential gene expression between two conditions (for example, affected and non-affected). This involves not only determining whether there are any differentially expressed genes but also finding those genes with differential expression. The problem requires testing a null hypothesis H 0 that there is no differential expression and calculating a test statistic Z for each gene. The basic idea in all methods for estimating the null distribution of the statistic Z is to construct a so-called null statistic z and then use this statistic to determine cut-off points, claiming significance for genes, whose Z exceed these cut-off points. The most popular non-parametrical methods (methods independent on strong parametric assumptions) are the significant analysis of microarray (SAM) , the empirical Bayes (EB) method (Efron et al., 2000 (Efron et al., , 2001 Smyth, 2004 ) and the mixture model method (MMM) (Pan et al., 2002; Pan, 2003) . In all these methods it is assumed that under H 0 the Z statistics of all the genes have the same distributions. However different procedures for constructing the null statistic z are used in these methods. In SAM this procedure is based on the permutations of arrays and computation order statistics. In EB is used a t-statistic with a Bayesian adjusted denominator. In MMM a specific permutation of arrays allows obtaining the sample of zdistributed random variables and then a finite Normal mixture model is fitted to this data. As for real data we usually have genes with differential expression, the null distribution z obtained using the permutation procedure is more dispersed and cannot estimate Z under H 0 well. An additional problem rises if we use these methods * To whom correspondence should be addressed.
for related individuals such as twins. It can lead to wrong inferences and to falsely estimated number of differentially expressed genes. Unfortunately this problem has not been studied up to present. The twin data have advantages for genetic studies, unobtainable in regular family or case-control studies. First, environmental confounders are minimized because twin children are usually exposed to similar environments. Second, ascertainment-bias typically does not pose a problem for twins because sample selection has not occurred with reference to any specific phenotype. This can reduce the sample size and the high expenses of a microarray experiment. In this paper we propose a method that allows avoiding the possible errors in finding differentially expressed genes for twin data. We study the properties of the new statistic using simulations. It was shown that the method is robust with respect to the correlation pattern of gene expression data for twins.
METHODS
Consider firstly the model for unrelated individuals. Let Y jk be the expression level of gene j in array k, j=1,…,G, k=1,…,K 1 ,K 1 +1,…,K 1 +K 2 . Here the first K 1 and the last K 2 arrays are obtained under the two conditions respectively. Let
where ε jk are independent, identically and symmetrically distributed random errors with mean 0 and the variance 1, x k =1 for 1≤k≤K 1 and x k =0 for K 1 +1≤k≤K 1 +K 2 . Determining whether a gene has differential expression is equivalent to testing for H 0 :
A current method for detecting differential gene expression is the two-sample equal-variance t-statistic
We will use another form of t-statistic for independent individuals. This statistic Z 1j is more appropriate for constructing null statistic z and differs slightly from the statistic in the new version of MMM (Pan, 2003) 
Here 
As ε jk are symmetrically distributed, z 1j has the same distribution as
For twins we will use the following model 
The value of s 2j (an estimate of the standard deviation of the numerator) is given below.
The null statistic we define with the formula
Since ε jk,0 , ε jk,1 , ε jk,2 are independent, identically and symmetrically distributed random variables, the null statistic z 2j has the same distribution as Z 2j under H 0 for all j. Indeed, denote
,2, j=1,…,G, and let
From the definitions of s 2j (see below), Z 2j and z 2j it follows that these random variables depend on the random vector . The unknown parameters of the mixture model can be estimated using the EM algorithm (McLachlan, 1988) . This algorithm is realized in the Fortran program EMMIX, which is freely available on the web (http://www.maths.uk.edu.au/~gjm/emmix//emmix.html). Some details on the practical selection of the number of components can be found in Pan et al. (2002 
The value of s 2j 2 we now get by substituting 
RESULTS
Using simulated data, we compare the method based on the test statistic Z 1j and the null statistic z 1j with the method based on the test statistic Z 2j and the null statistic z 2j .
Consider the two following examples. Let l 1 =l 2 =4, l 12 =0 (all twin pairs are concordant) in the first example and l 1 =l 2 =0, l 12 =8 (all twin pairs are discordant) in the second example. In both cases we assume that G=1000, the first 500 genes with differential expression and the last 500 genes with no differential expression. 
Legend for statistic Z 2 : + -(ρ e , ρ n )=( 0, ρ); -(ρ e , ρ n )=( ρ,0); -(ρ e , ρ n )=( ρ, ρ), ◊ -(ρ e , ρ n )=( 0, 0), where ρ=max(ρ e , ρ n )>0).
DISCUSSION
The value of the numerator in statistic Z 1j depends on the correlation of gene expressions between twins. If we don't take into account this correlation we can get wrong results in detecting differential gene expression for twin data. The new statistic Z 2j corrects fully this drawback in the case of discordant twins and partially in the case of concordant twins or in the mixed case. Our simulation studies confirm this statement. It doesn't mean that the new statistic is better than the old statistic. Sometimes the old statistic gives us a smaller but sometimes a larger number of false positives. It depends on the difference between ρ e and ρ n and the concordance-discordance status of twins. As we a priori do not know the values of ρ e and ρ n , the usage of the new statistic gives us more stable and robust results and the implementation of this statistic is, therefore, more preferable. In any case, the values of TFP for the new statistic do not deviate so much from EFP as for the old statistic. As monozygotic and heterozygotic twins have different intra-pair phenotype correlations, they should be treated separately. The assumption that under H 0 , the test statistics Z 2 of all the genes have the same distribution, leading to the use of the null statistics z 2 of all the genes to estimate a reference distribution for the test statistics Z 2 may or may not hold in practice. However, if the expression levels of different genes are from different distributions belonging to the same member of a location-scale family, then the assumption holds. Instead to assume this for all genes, one can partition genes into several groups based on their expression levels and then assume that the assumption holds within each group (Pan, 2003) . 
